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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE 4264

INTERNAL CHARACTERISTICS AND FERFORMANCE OF SEVERAL JET
DEFLECTORS AT PRIMARY-NOZZLE PRESSURE
RATTOS UP TO 3.0

By Jack G. McArdle

SUMMARY

Several model jet deflectors (devices which change the direction of
resultant jet thrust) were tested in quiescent air to determine the
effects of design varisbles on their performance and operating charac-
teristics. The deflectors (swivelled nozzles, suxiliary nozzles, and
mechanical deflectors) were designed to be sdapteble to convergent-
nozzle, plug-nozzle, and ejector turbojet exhaust systenms.

Side force as high as 43 percent of the undeflected Jet thrust was
obtained, and, in general, the axisgl thrust was reduced to not less than
81 percent of the undeflected Jet thrust. Anslybtical expressions relat-
ing the performance of each type deflector with significant design vari-
gbles are glso presented.

INTRODUCTTION

The use of conventional aerodynamic surfasces to provide control
forces under all flight conditions 1s increasingly troublesome g8 air-
craft are required to operate in more varied flight regimes. At super-
sonic speeds the control surfaces may bring gbout undesirsble coupling
effects or excessive drag. At high altitude or very low speed, forces
produced by the surfaces may be lnadequate because of low dymamic pres-
sure. Control would be improved in such cases by using forces produced
by the powerplant to assist or supplant the aerodynamic surfaces. TFor
Jet-propelled vehicles, control moments can be produced by redirecting
all or part of the engine exhaust. All devices which change the direc-

tion of the resultant thrust wvector to produce control maoments are herein
called Jjet deflectors, whether or not the effect is brought about by actu-
ally deflecting the main exhaust stream. (The performence characteristics
of thrust reversers, which are designed to produce a net rearward force
rather than s moment, are sumarized in ref. 1.)



2 NACA TN 4264

Most of the work on Jet deflectors thus far reported is concerned
with devicee designed for use with high-pressure-ratio convergent-
divergent exhaust nozzles (e.g., refs. 2 to 9). These devices are more
sulted for rocket applications than for maneuvering a turbojet-powered
aircraft at low speed and low altitude, as in Jet vertical takeoff and
landing. Because of current interest in the latter application, the NACA
Lewis laboratory initiated a program to determine the effects of design
veriables on the internal characteristics and performance of several types
of model Jet deflectors operated at over-all pressure ratios neer critical.
Results of an investigation of some novel configurations are included in
reference 10. Throughout the investigation reported herein emphasis was
placed on devices which could be adapted to conventional turbojet exhaust
systems suiteble for supersonic propulsion. Analytical expressions re-
lating the performesnce with significant design varisbles were developed,
and performsnce date for a variety of configurations were obtained. The
data served to verify the analytical expressions and, in certain cases,
to provide necessary experimental coefficients. The results presented
are, in general, restricted to over-all pressure ratios between approxi-
mately 1.4 and 3.0.

The experimental portion of this investigation was restricted to de-
vices which produce side force (that component of the resultant thrust
perpendicular to the original thrust axis) up to about 35 percent of the
undeflected Jjet thrust. Tests were made with unheated pressurlzed air
discharged to the atmosphere and no external flow. Most of the devices
utilized a 4~inch-dlameter primary exhsust nozzle. The deflectors have
been classifled as swivelled nozzles, auxiliary nozszles, and mechanical
deflectors, types which are herein defined as follows:

(1) BSwivelled nozzles. Devices which produce side force by means
of a canted exhaust-nozzle exit. An example of this type 1s the swivelled
convergent nozzle.

(2) Auxilisry nozzles. Devices which produce slde force by mesns of
& separate (auxiliary) Jet exit. An example of this type is the plug
nozzle with an auxilisry Jet from the plug.

(3) Mechanicsal deflectors. Devices which produce side force by
means of a flap or its equlvalent lmmersed in the primaery Jjet. Examples
of this type are the ejector with intermal or exterral flaps and the
swivelled ejJector shroud.

Jet deflectors utilizing immersed vanes are extensively treated in
the literature and are not considered in the present report.

APPARATUS AND INSTRUMENTATION

Sketches, fligure references, and the ranges of geometry variation
for the Jet-deflector models descrlbed in this section are summarized in

LL9V
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table I for convenience. All symbols and definitions used in this report
are collected in sppendixes A and B, respectively.

BASIC JET EXHAUST SYSTEMS

The model basic-jet-exhaust-system configurations used during this
investigation are illustrated in figures 1 to 4.

Tgilpipe and convergent nozzle. - The model tallpipe and convergent
nozzle is shown in figure 1. The nozzle is 4 inches in diameter and has

an 8° half-angle.

Tailpipe and plug nozzle. - The model tallpipe and plug nozzle are
gshown in figure 2. The nozzle is composed of a 30° half-angle plug and
a 15° half-angle 4.5-inch-dismeter shell. The effective flow area is
approximately equal to that of & 3.8-inch-dismeter convergent nozzle.

Ejector. - The model ejector is shown in Pigure 3. The configura-
tion is built around s 15° half-angle 4-inch-diameter primary nozzle.
The ejector is arranged to pump ambient sir through a 3-inch-diameter
secondary flow measuring orifice. The shrouds are secured to a shroud
mounting spool extending from the fairing. Shroud details are shown in
figure 4. Shroud geometry ranged as follows: hsalf-angle, o° to 150;
diemeter ratio Dgp/Dy, 1.1 to 1.4; and spacing ratio S/Dy, 0.84 to
1.04.

JET DEFLECTORS
The model jet deflectors used in conjunction with the basic jet ex-
haust systems are illustrated in figures 5 to 17.
Swivelled Nozzles
Swivelled tailpipe. - These devices simulate a swivelled engine or
an engine in which the tailpipe is swivelled. The configurations were

assembled from the basic tailpipe and convergent nozzle (fig. 1) and the
elbows of figure 5. The maximum swivel angle tested is gbout 259,

Swivelled convergent nozzle. - The model tested, shown in figure 6,
is of spherical design and has a 3.5-inch-diesmeter exit and a maximum
swivel angle of 20°. A full-scale nozzle for an afterburning engine would
propebly use two pairs of sphericel "eyelids" to approximate this shape.
With such an arrangement, movement of one of the pairs could produce side
force, while movement of either or both pairs could vary the flow area.
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Plug nozzle with plug at tailpipe wall. - This configurstion, shown
in figure 7, was obtained by altering the basic tailpipe and plug nozzle
(fig. 2). The plug was translated trensversely until it nearly touched
the tailpipe wall and thus formed an exit which was neither normsl to
nor symmetric sbout the longltudinal axis.

Auxiliary Nozzles

Tailpipe with bleed nozzle. - This configuration, shown in figure 8,
consists of a tailpipe, the basic convergent nozzle (fig. 1), and a per-
pendicularly mounted auxiliary nozzle. Air for the guxiliary nozzle ia

bled from the teilpipe through eight equally spaced l%—inch—diameter

ports. The auxiliary nozzles tested are of 15° half-angle and range in
exit diameter from 1.22 to 2.03 inches.

Plug nozzle with suxiliary Jet from plug. - In this configuration
(fig.” 9) the tailpipe, nozzle shell, and external plug shape are the same
as the baslc tellpipe and plug nozzle (fig. 2). The auxiliary alr, sup-
plied from an external source limited to 100 pounds per square inch gage
and 1.5 pounds per second, is ducted through the plug mounting strut and
exhausted through an orifice in the interchangesble conical portion of
the plug. Orifice sizes and shapes are tabulated in figure 9. In each
cage the orifice is wholly downstream of the nominagl primary-nozzle
throat. -

Mechanlical Deflectors

Swivelled eJjector shroud. - All swivelled ejector shroud configurs-
tions utilize the basic ejector (fig. 3) and ejector shrouds (fig. 4).
The shroud is swlvelled up to 15 relative to the longitudinal axis by
means of one of the devices sketched in figure 10. The adjusteble shroud
mounting spool (fig. 10(a)) is similar to a stovepipe elbow in construc-
tion and operation and replaces the comparseble part in the basic ejector.
The 15° fixed extension for the shroud mounting spool (fig. 10(b)) in~-
creases the ejector spacing. For some of the configurations the entire
ejector secondary flow passage (see fig. 3) was blocked with modelling
clay to prevent gases flowing backward in the passage. For one of the
deflectors the blockage was replaced with the baffle illustreted in fig-
ure 11. Significant geometric factors for all configurations of this
type tested are listed in table II(a). )

Ejector with internal flaps. - Ejectors wilth internal-flap config-
urations utilize the basic eJector (fig. 3) and one of the conical
ejector shrouds (fig. 4(c) or (d)). The single-fixed-flap deflectors are
illustrated in figure 12. One of the flaps (fig. 12(a) or (b)) is mounted

LLIY
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in the shroud to simulete a flap which has been pivoted into place from
a stowed position against the shroud well. The range of simulated actu-
ation angles is from 9° to nearly 90°. For some tests, flow dams were
added to the edges of a flep, as shown in figures 12(c) end (d). For
certain tests with this type Jjet deflector only three-quarters of the
secondary flow pasgage was blocked with modelling clay (similarly as was
done with the swivelled-ejector-shroud models). Arrangement of the
blockage in this caese is illustrated in figure 12(f).

A device of this type incorporating two pivoted fleps is shown 1In
o
figure 13. Either flap can be actuated independently up to 47% » or both

(o]
flaps can be actuated simultaneously up to ZZE ; the point at which the
flap edges coinclde. a

Significent geometric factors for all configurations of this type
tested are listed in teble II(b).

Ejector with external flap. - The ejector with external-flap con-
figurations tested utilized the basic ejector (fig. 3) and one of the
modeles illustrated in figure 14. TFor the shroud with one large flap
(figs. 14(a) and (b)) the flap extends around half the shroud clrcum-
ference and can be actuated up o 30°. For the shroud with two small
flaps (fig. 14(c)) each flap extends around e quarter of the shroud cir-
cumference. One is Fixed &t 30° to the longitudinal axis, while the
other is unactusted. Significant geometric factors for both configura-
tions of this type are listed in table II(c).

Modulating cylindrical target-type thrust reverser. - This model,
shown in figure 15, is the same one used in tests reported in reference
11. The stowed reverser acts as an ejector, but the pumping characteris-
tiecs were not messured. For operation as a Jet deflector, one of the
reverser halves is actuated up %o 38° from its stowed position. Signif-
icant geometric factors for this configurstion are listed in teble IT(d).

Bjector with swivelled primary nozzle. - This model, shown in fig-
ure 16, simulstes an exit configuration consisting of a swivelled pri-
mery nozzle, & convergent ejector, and a valve to prevent gas from flow-
ing backward in the secondary flow pessage. The swivelled convergent
nozzle previously described (fig. 6) is used. Significant geometric
factors for this configuration are listed in table IT(e).

Miscellaneous Jet Deflectors

Miscellaneous deflector configurations investigated during the course
of the program reported herein are i1llustrated in figure 17.
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Plug nozzle wlth swlvelled plug. - This configuration utillizes the
basic tailpipe and plug nozzle (fig. 2). The plug is swivelled up to 30°
from its normal position.

Ejector with partial blockage in secondary passage. - Thlis config-
urgtion utilizes the basic ejector (fig. 3) and shroud (fig. 4(c)). Half
the secondary flow passage 1s blocked with modelling clay as previously

described.

Elector with partly opened shroud. - This configuration utilizes
the basic ejector (fig. 5) end & Dsh7DN = 1.2 shroud of which helf is

opened to the equivalent of a Dg, /Dy = 1.5 shroud.

EXPERIMENTAL SETUP

The experimentsl setup on which all tests were conducted is shown
in figure 18. The vertical inlet portion of the setup 1s joined to an
air system through a bellows and is pivoted from a rigid steel supporting
structure at pivot point A. Downstream of the elbow the inlet portion is
connected to the horizontal duct on which the model is mounted through a
laebyrinth seal and pivot point B. This pivot, consisting of a spherical
ball bearing and s guill rod, acts as g point sbout which the yaw, plitch,
and roll torques are genersted. Axlal force passes through this pivot
to the 1nlet portion. All torques are trensmltted to and read from
force-measuring cells connected to the setup through flexure members.

The force-megsuring cells are of the null-reading balanced-pressure-
diaphragm type. Counterwelghts are used to ensure that the cells are

always loaded.

INSTRUMENTATTION

A1l airflows were measured wlth standard ASME thin-plate orifices.

A1l total temperatures were messured at the respective orifices by thermo- )

couples in the alrstream. Pressure at the labyrinth seal surrounding
pivot point B was measured by two total-pressure tubes spaced 180° apart.

The primary-nozzle inlet pressure was measured by elght total-
pressure tubes on each of two dliametrsl survey rakes spaced 90° apart
Just ahead of the nozzle. The elector secondary inlet pressure was meas-
ured by two survey rakes spaced 180° epart in the secondary flow passage
2 inches ahead of the primary-nozzle exit on the ejector horizontal center-
Jine. Each rake conslsted of four total-pressure tubes, of whilch two
tubes pointed upstream and two downstream. Ambient pressure was measured

with a barometer.

L Rat
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The models were instrumented with well static~pressure orifices as
required. The orifices were 0.06 inch in dismeter or less.

EROCEDURE

Calibration. - The force measuring systems were calibrated with dead
weights. Lesksge at the labyrinth seal was measured with air from an ex-
ternal source after the supply line near the orifice and the horizontal
duct at the model mounting flange were blocked. The primary-nozzle air-
flow was corrected for this leakage.

Tests. ~ The models were mounted to produce side force in the yaw
direction only. The performance of each model wes obtained over a range
of primary-nozzle pressure ratios of gbout 1.4 to 3.0 using unheated
pressurized air discharged to the atmosphere. Performance paremeters
were computed in terms of the undeflected performance of the same model

except where noted.

DATA PRESENTATTON AND APPLICATTON

Method of data presentation. - The following sketch represents a
model mounted on the experimental setup. The setup measures the axial

4 : .

Pivot < CN ‘*4
Fg,n

F

B \\\\ ] S Resultant
N ) Longitudinal exis /ﬁf‘z
1

thrust slong the longitudinal axis and the moment M gbout pivot point
B. The moment is the product of the resultant Jet force and the lever
arm end, by resolving the resultant into components, can be written

M= Fge, - F,l (1)
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The dlstence 1 and the quantity F,l aré called the offset distance _
and the counteracting moment, respectively. For many configurations the >
offset distance 1s indeterminste. For this reason the moment 1s consid- .
ered to be wholly caused by an effective side force FS,N actlng per-

pendicular to the longltudinal axis in the plane of the primary-nozzle

exit. Thus

M
Fg,N = of (2) .
g
where both the moment and the distance cy are easily megsured. The ~
axlal component of the resultant F, must, of course, lle along the
longltudinal axis and is measured directly. -
The axisl and effective side coumponents of the resultant force, the
primery-nozzle corrected alrflow and the ejector secondary-weight-flow
ratio, are conveniently expressed in ratio form by dividing by the cor-
responding performance of the unactuated model. Thus L
F
Side~force ratio,.?% = FS’N (3)
Z,0
F, v
Axigl-thrust ratio, &, =7 (4)
Z,0
s
W e W~/ 8
Alrflow ratio = A wvox (5)
s} &
N N /o
Vg |Tg Vs |Ts
Pumping ratio = {— 4f=— — A= (6)
Rl AN R A
In the following sections these parameters_are shown as functions of the K
design varieble which most significantly affects the performance. Exper- )
imental data, not corrected for changes in primery airflow, are presented
at primary-nozzle pressure ratios of 2.0, 2.4, and 2.8 except where noted. .
Experimerital and &nalytical results are often compared in the same figure B
to indicate the accuracy of the anslyses. Analysis, discussion, and com-
parison of theoretical performance of the three types of deflectors are _
presented in appendixes C, D, and E. _ _
Data application. - From equations (1) and (2), '
Ce 1
Fg,w= o5 ¥s = o Tz (7) .
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Thus, the effective side force FS,N may differ from the true value Fg

by an amount dependent on geometric dimensions inherent in the config-
uration and on the distance cy. For the configurations tested (except

the swivelled tailpipe) both c¢. and ¢y are large compared to 1, and
therefore the difference can usually be neglected. (For example, cy 1is
20.5 Dy for the elector models, as found from figs. 18 and 3(a); whereas
ce 1s sbout 21.5 Dy, and 1 is & fractional part of DN' In & typical
case FS,N: 1, and F; might be 0.25 Fz,o: 0.5 Dy, and 0.87 Fz,o’
respectively. Then, by equation (7), Fg is 0.258 Fz,o.) Corrections

to reported values of FS,N &re necessary only in epplications in which
the ratio ce/bN is significantly different from that of the setup used

here, or in which the pivot point does not lie on the primary-exhaust-
nozzle axis.

RESULTS AND DISCUSSION

SWIVELLED-NOZZLE JET DEFLECTORS

As previously defined, swivelled-nozzle Jet deflectors are devices
which produce side force by means of a canted exhsust-nozzle exit. The
analysis of this type deflector in appendix C shows that for the general
case in which there is a significant counteracting moment, as shown in
the following sketch,

Pivot point B Fz,0
;7 L& 11 Count:racting
— _ moment =
’ N ,/f\ F, o¢ cos o
Cz »0
T >
the performance is T =cp/ ¢y
Z - 8in o
STTFF cos a (c3)
Z, = cos a (c2)

If the counteracting moment is negligible, f sgpproaches zero, and these
equations reduce to

Z=sina (8)

32 = CO8 & (9)
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In this case the deflector is said to follow the "cosine law", and the
performence is the best obtslnable for any deflector in whlch the whole
Jet 1s turned.

Performance of Swivelled Tailplpe

The performence of the swivelled-tailpipe (or swivelled-engine) de-
flector 1s shown in figure 19 for nozzle pressure ratios of 1.4, 2.0,
end 2.8. These data, corrected to zero counteracting moment using the
measured offset distance 1 and equation (7), follow the cosine law.
These results illustrate that large values of side force can be obtained
for relatively small decrements in axial thrust, and that the experi-
mental setup is capeble of measuring both side~ and axial-force ratios
within about x0.015.

Performance of Swivelled Convergent Nozzle

ure 20 as a Tunction of the swivel angle o up to the maximum angle ob-
tainable with this model, 20°. The airflow ratio (fig. 20(a)) does not
vary from unity by more than 2 percentage polnts over the range of con-
ditlons tested. Values of & (f1g. 20(b)) are not corrected for the
small counteracting moment. Although there 1s some difference, partly
due to airflow, the performasnce is within £0.02 of the cosine law (in~
dicated by dashed lines).

Performance of Plug Nozzle with Flug at Tailpipe Wall

In this configuration most of the gas is exhausted through an exit
station having a meximum effective discharge angle of 22°, No inter-
mediste plug positions were tested, and the basic plug nozzle (fig. 2)
was used to obtain the unactuated performance. Test results are shown
in figure 21 for & range of primary pressure ratios. The increased alr-
flow ratio (fig. 21(a)) indicates that the effective throat area is en-
larged when the plug is in this position. Fg and & (figs. 21(b) and

(c)) have approximately constant values of 0.10 and 1.0, respectively.
By the cosine law, 3% indicates that the average discharge angle of this

device is 6°. The measured 32 is from 2 to 4 percentage points less
than &%, computed from the cosine law and measured 3§ and asirflow

(dashed line).

LLIT
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AUXTLTARY-NOZZIE JET DEFLECTORS

As previously defined, auxiliary-nozzle Jet deflectors are devices
vwhich produce side force by means of a separate (auxiliary) Jet exit.
The analysis of this type deflector in eppendix D shows that for the
general case in which there is a significant counteracting moment, as
shown in the followlng sketch,

Pivot - oy Fa
int B—| =
ro ] /‘5223‘//’+ Counteracting
- 1 moment =
I ¥ <‘J4 ¥ Fy Fpl cos ¥
- ex —

the performance is

_ Fyley sin ? - 1 cos ¥)

= (D2)
s CNFZ,O

Fy + Fp cos ¥
__XN A (D3)

zZ

Performance of Tailpipe with Bleed Nozzle

In this device side force i1s produced by an auxilisry nozzle per-
pendicular to and utilizing gas bled from the telilpipe wall. The unde-
flected Jet thrust 1s the thrust that could be produced by the totael air-
flow wp at tallpipe total pressure Pp and total temperature T. For

this geometry, wherein Wip = (wA + WN) and Py is very nearly Pp, equa-
tions (D2) end (D3) are expressed in terms of flow varisbles as

PO T
epwy 2T\,
F= ' (10)
N Vi

Fy=1-— (11)
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The performance 1s shown in figure 22 as a function of the suxiliary-
w
nozzle sirflow ratio Eé' %, (fig. 22(a)) closely follows equation (11).
T

Z, (fig. 22(b)) is corrected to unity cpfey to eliminate the effect of
this arbitrary varisble. At larger values of wp/wp, Jg 1s significantly

less than 1t would be 1f the suxiliary-nozzle and tallpipe total pres-
sures were equal (dot-dash line). The reason for this is shown in fig-
ure 22(c), where it can be seen that the suxiliary-nozzle total pressure
is even less than tallpipe static pressure (dot-dash line) becsuse of
turning and friction losses and effects of flow-coefficient variations
in the bleed ports.

Performance of Plug Nozzle with Auxilisry
Jet from Plug

In this device side force is produced by a small high-pressure
auxiliary jet exhsusted through an orifice in the surface of the plug.
For this device, with the counteracting moment and dlifferences in thrust
coefficients neglected, equations (D2) and (D3) are expressed in terms of
flow varlables sas

Y=l
Po\Y
Wa - E
= & (o]
.ﬁé = —-T sin €0 (12)
- (32)
Py
y-1
P
- (3]
VA A o
F =1+ —= cos 60 (13)
z WN ;l
P
)7
Py

The performance ls shown ln figure 23 as a function of the suxiliary-
nozzle airflow ratio WA/WN. The uppermost parts of the figure show that

in some cases the auxiliary Jet caused a significant reduction in primary
airflow ratio. For this reason, 55 and gg, shown in the other parts of

figure 23, are based on the undeflected Jet thrust that would be produced

LLIY
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by the measured primary sirflow. The Fg and & for sll orifice con-

figurations can be spproximately represented by single curves (solid
lines). This performesnce is always less than that which would be ob-
tained if the glirflow used by the orifice of cone number 1 were exhausted
into §til_'l. alr under the same geometric and fluid conditions (dot-dash
lines).

MECHANTICAL: JET DEFLECTORS

As previously defined, mechanical Jet deflectors are devices which
produce side force by means of a flap or its equivalent immersed in the
primary Jjet. An anslysis of this type deflector in appendix E shows that
for a flow pattern like that shown 1n the following sketch

-
oy & Ce ~_] mex
— N
,ac
¥ ~_ AN, ac = ‘%C
A,
N,ac
Y Tongitudinal ;"
Z —
axis Py o +T__ )
Recirculation (called < X

backflow 1f it tends
to move into the ejec~

A
tor secondary flow Ysac
passa.ge)—/
the genersal performance relation is
.?Z' =1 - % tan(a + Tpax) (E6)

When the flap is large enough to turn the whole jet, ‘% is sin(c + Tma.x)'

For other cases,

K- 4
ac
= K-‘Z_E sin(o + T, ) = K% Parameter (14)

and, using (ES),

2
F=1- K%c sin®(a + Tpgy)

lig cos(a + Tpgx) 1 - K% Parameter (15)

(See appendix B for definitions of fs and 9‘; Parameters.) Equations
(14) and (15) are applied when Fg is sin(a + Tpgy) by limiting
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,
@;EE to unity in the Parameters. In these equations K is an experi-
id

mentally determined factor, the ideal lateral area ratio J&id 1s found
by equation (E8) or figure 47, snd the actual lateral area ratio .

is determined by the method described in the section Geometric Factors
in appendix E. i

In the following sectlions 3% and &, for several deflectors will

be presented as functlions of their respective Parameters. A semil-
emplrical design procedure suggested for configurations not specifically
covered by data is given following the experimental results. _ o

Performance of Swivelled Ejector Shroud

5% and . - The performance of the cylindrical ejector shroud

swivelled up to 15° (called configuration A) is shown 1n figure 24. For
this geometry the ratio J&acﬁﬁ&d is always greater than 3 (see table

I1(a)), end the & and F; Parameters are sin o and sinzm/cos o,

respectively. The solid symbols in this and following figures indicate
that the entire secondary flow passage 1s blocked to prevent backflow.
(The blockage simulates & high-temperature valve in the vieinity of the
primary-nozzle exlt. Alternate methods of providlng cooling alr to
critical structures might have to be developed if the deflector is to
be operated for substantisl periods of time.) The dashed lines in the
figure indicate the maximum theoretical 4% and the corresponding Z

that this deflector can produce. Although deviations are present (prob-
ably because of aerodynamic losses and subamblent pressures on the di-
vergent portion of the shroud), most of the deta points lie within 0.035
of these lines; therefore, this flap is large enough to turn the whole
jet. TFor this case K, by equations (14) and (15), is unity.

. Figure 25 shows the performance of deflectors in which the actual
lateral area ratio is, in genersl, less than the idesl value. The ref-
erence configurations listed in the key for this and following figures
are the configurations whose unactuated performance is used to compute
the various performance parameters. The slope of the dashed line through
the data gives the average value of the factor K <for this group of de-
flectors; these values are intended for 1llustrative purposes only and
should not be used in design. Precise values of the factor may, of course,
be obtained for any individusl deflector from the datae of figure 25.

Comparison of the data of figure 25 reveals some of the character-
istics of this type device. For any of the configuratlons ﬁg decreases

LL9F.
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and .9% increases as thelr respective parameters increase at constant
primary-nozzle pressure ratio. In general, a value of the .9% Parameter

of the order of 0.3 is requlred to produce 0.25.9g, and &t this perform-

ance blockage appears necessary to prevent backflow. Performance is the
same wlth or without blockage for opergtion in the region where backflow
starts. EJector spaclng ratic has no appreciable effect on performance
(see, e.g., configurastions B and C). These results were obtained using
a wide range of geometries which should be readily adaptable to conven-
tional ejector-type Jet exits.

The effect of recirculation in the shroud i1s illustrated in figure
26, which shows the wall pressure dlstribution in a plane through the
longitudinel sxis. (Although it is not shown in the figure, a continu-
ous pressure gradient exists around the shroud circumference.) The re-
circulating gas pressurizes part of the shroud wall outslde the cylinder
of the Jet, and thus effectively increases the lateral srea. This tends
to compensate for the fact that the wall pressure in the calculated lat-
eral area 1ls less than primery-nozzle totel pressure.

Performance comparison. - The performance (at a primsry-nozzle pres-
sure ratio of 2.0) of all swivelled-ejector-shroud deflectors tested is
compared on the basis of .9; in Pigure 27. The lines show the computed
performence of configurations A and B. Although the computed performance
of A is better than that of B, the losses associated with A are such that
the actual performance of elther deflector is sbout the same at higher
values of #g.

The performsnce gt a primary-nozzle pressure ratio of 2.0 of con-
figurations A and B 18 compared on the basis of swivel angle in figure
28. Although either deflector can produce more than 0.25 Fg, at swivel
angles gregter than 8° the conicel shroud is better than the cylindrical
shroud. However, with the cylindrical shroud, considersgbly more 55 can

be obtained before the secondary filow passage is blocked.

Primary alrflow ratio. - Because the swivelled shroud acts to back-
pressure the primary nozzle, the actual immersed ares and the primary-
nozzle pressure ratio would be expected to be the principal varigbles in-
fluencing the primary selrflow ratlo. As illustrated in figure 29, the
alrflow ratio was reduced only 3 percentage points in even the most ex-
treme case, at a pressure ratio of 2.0. As the pressure ratio increases,

the reduction becomes less.

Pumping ratio. - EJjector pumping characteristics are known to depend
on many shroud geometric factors and primary and secondary fluid proper-
ties. The pumping data (fig. 30) are shown as a function of the actual
immersed ares ratio and should be used only as a gulde to first-order
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approximations when spplied to other configurations. Comparison of these
data shows that for all the configurations the pumping ratio decreases as
the immersed area ratio increases. Grester pumping ratlos are generslly
obtained with deflectors of small (o +‘tmax) and larger diesmeter rsatio.

Backflow, which begins near zero pumping ratio, first occurs in that
quadrant of the shroud which forms the immersed area and spreads rapidly
clrcumferentially for small increments of immersed ares. For this rea-
son the entire secondary flow passage was blocked before performance
tests were continued when backflow was detected.

In an attempt to improve the pumping ratio of this type deflector,
blockage was replaced by & circumferential baffle (fig. 11) in config-
uration F. As shown in figure 30, small secondary flow was obtained at
pressure ratios up to 2.8. When the baffle was faired on the aft side
(see fig. 11), measurable backflow occurred at all pressure ratios
greater than 1.8.

Performence of EJjector With Internsal Flap

Fy and & for 20° and 45° fixed flaps. - The performence of de-

flectors consisting of a single fixed flsp having no flow dams and cover-
ing one quadrant of the shroud when stowed is presented in figure 31.
Although K for the 45° flaps is greater than for the 20° flaps, per-
formance trends for both types asre similer. Single curves correlsate 35
for each type flap within about +0.02 up to the limit of the F3
Parameter. At this limit for the 20° flaps (& numericsl value of 0.342),
J; for the flaps in the 1.4 Dgy/Dy shroud continues to rise as the
actual leteral area is increased. If the flaps were made large enough
to turn the whole Jet, #g would theoretically rise to the value sin 20°.

On the other hand, for the 20° flaps in the 1.2 Dgp/Dy shroud (config-
uration I) 3% falls off under the same conditions. This decrease is

cauged by a pressure on the shroud wall opposite the flap, which tends
to counteract the side force produced by the flap. However, the forces
on the shroud and the flap act together to reduce %£;.

The dot-dash lines in the upper portions of figure 31 show gg com-
puted by equation (15) and the measured Fg. The trends are as expected
from the preceding discussion except that &£ for the 45° flaps 1s up
to 0.07 greater (see configuration J) than the computed velue. The rea-
son for this can be seen in figure 32, which shows the pressure distri-
bution on the flap and shroud wall. With the 45° flap (fig. 32(a)) the
shroud wall 1s pressurlzed by recirculation and acts as an additional
flap of small (o + Ty, ), elthough this effect is unaccounted for in equa-
tion (15). For the 20° flap geometry tested, this effect cannot occur,
as illustrated in figure 32(Db).

1.1.9%:
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Effect of flow dams. - It was felt that the side force for a given
geometry might be increased if the pressurized surfaces were isolated.
Accordingly, flow dams designed to reduce circumferential flow in the
shroud were mounted on the edges of 45° flaps (configurstions J and L) 3
as illustrated in figures 12(c) and (d). The effect of the flow dams
was small; &y was increased by only 0.02 in the best case, and %, vas

reduced a corresponding amount.

Effect of reducing flap chord (reducing B). - The effect of re-
ducing the flap chord over the whole length (reducing the angle B, fig.
12(a)) was investigated by cutting away portions of a 45° flsp used with
the Dsh/DN = 1.4 eJector shroud. Results of the tests are shown in fig-
ure 33, with the performance of 90° B8 flaps in the same shroud indicated
by dashed lines for reference. Comparison shows that the factor XK 1is
apprecigbly reduced when B8 1is reduced to less than gbout 60°. However 3
when .?; is plotted as g function of .gé, nearly identical results are

obtained for all flaps.

.% and 3‘; for single pivoted flap. - The performsnce of the
pivoted-flap deflector with one flap actuated up to 47%0 is shown in fig-

ure 34. As the actuation o« is inereased, both K and .275 increase

to a peak at « = 28°. After the pesk, &y fTalls off rapidly because of

pressure forces acting on the shroud well opposite the flap. (This effect
did not occur =t such low actuation with the fixed fleps becsuse the
effective pivot point was farther from the primary nozzle. Thus, the
performance of the pivoted-flap model might have been improved, both for
this reason and because of the gains due to advantageous recirculation, by
shortening the flap and moving the pivot downstream.) %, continues to

fall off as the asctuation increases.

&g and F, for two pivoted flaps. - When more than one flap is’

actuated in a deflector of this type, the resultant force depends on the
forces acting normsl to easch flap. If two identical flat-plate flaps on
mutually perpendicular pivots are each actuated the same amount, it can
easily be shown by the trigonometric relegtions involved that

s
%y

1.414 K (% Parameter) (18)

1 - 2K (%, Paremeter) (17)

vhere K, % Parameter, and %, Paremeter are for a single flap.

The performance of the pivoted-flap model with both flaps sctuated
the same amount is shown in figure 35. The dashed lines show the per-
formance computed from equations (16) and (17) and & for a single
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flap (fig. 34). The 5 produced is greater than that computed at nearly

all actuatlions. Although it was not definitely established, it is felt
that this 1s due to interaction at the adjacent flap edges which effec—
tively increases the B dimension on the downstresm end. Peak &g pro-

duced by thils configuration 1s sbout the same as that when a single flap
ie actuated, although the actustion required £; and the point at which

backflow starts are somewhat different.

5% and &, for flaps normel to longitudinsl axis. - The perform-

ance of deflectors consisting of flsps normal to the longitudinsl axis
in the plane of the ejector shroud exlt, in which side force is produced
by recirculation along the shroud wall, is shown in figure 36. Both Fg

and &, are presented as functions of the actual immersed area ratio
(fé) » Performance of this sort of flap in the 1.2 Dsh/DN shroud is

Ai/ac

always better than in the 1.4 Dsh/DN shroud. For either shroud, 35 is
poor for the &g produced (compare thése results with fig. 27, for ex-

emple). Comparison of configurstions § and R shows there is little change

in performance when the ends of the flap are removed.

It was observed during the course of these tests {that the forces
produced are somewhat "Jjumpy," probably because of intermittent boundary-
layer peeloff. This charascteristic was not observed with the other

types of flaps tested.

Performance comparison. - Data presented in the preceding figures
for fixed-flsp deflectors are compared at a primasry-nozzle pressure ratio
of 2.0 in figure 37. The lines show the performence for 20° and 45°
flaps computed from equation (E6) and the measured Fg+ In general, the

internal flaps tested are limited to about 0.17 3@ and produce more than
0.85 #,. This is probably near the practicel limit for Jet deflectors

of this type because of primary-alrflow-ratio considerations, which are
discussed in the following section.

Primary airflow ratlioc. - With an internal-flasp Jjet deflector the
flow ares in the shroud is reduced as the flap is actuated. Figure 38
shows the primsry airflow ratio for several configurations as a function
of the effective-flow-ares persmeter, which is defined as the actual inm-

A, Areg
mersed area ratlo [-— dilvided by the residusl ares ratio Ay .
ac '

shown in the sketeh in the filgure, Ares is measured in a plane parsllel
to the primary-nozzle exit. Data scatter, probebly due to flgp size and

LL9Y
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angle, is evident, but in general the primary airflow ratio is reduced
S percentage points in the worst case, at a pressure ratioc of 2.0. As
the pressure ratio is inereased, the reduction becomes less.

Pumping ratio. - The pumping ratio for several of the configurations
of this type tested is presented in figure 39. The trends are similar
to those of the swivelled-ejector-shroud deflectors (fig. 30), and the
same discussion 1s applicable to these deflectors.

In an attempt to improve the pumping characteristics of configura-
tion J; one quadrant of the secondary flow passage was left unblocked
(fig. 12(f)). As shown in figure 39, this modification permitted s small
secondary airflow up to a pressure ratio of 2.4.

Performance of Ejector with External Flap

The performance of both configurations of this type tested is pre-

sented in figure 40. The .95 and 32 Parameters were computed neglect-

ing the presence of the shroud, that 1s, assuming that neither the cross-
sectional area nor the velocity of the primary Jjet is affected, as by
overexpansion, as 1t passes through the shroud. In general, the per-
formance follows the same trends as that for the mechanicsl deflectors
previously discussed.

Some of the limitations inherent in the internal~flap deflectors
can be overcome by using extermsl flaps. One of the obvious advantages
1s that the flap can be made large enough to produce large side force.
In eddition, the primary airflow ratio is slways unity and the pumping
ratio is always greater than 85 percent because, for the geometries used,
the shroud acts to isolate the flap. Shroud wall pressures were, of
course, alwsys about the same as when the flap was unactusted. A dis-
advantage of this type of configurstion is that the undeflected jet thrust
is reduced by ebout 1 percent because of flap internal drag.

Performance of Modulating Cylindrical
Target-Type Thrust Reverser

The performsnce of this model with one of the reverser halves actu-
ated 1s shown in figure 41 for primasry-nozzle pressure ratios of 2.0 and
2.4. The performance follows the same trends as the mechanical deflec-
tors previously dlscussed, except that the primary asirflow ratio is al-
ways unity. It was observed that at 45° (a +'rmax) some backflow was

discharged past the end plsate.
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It is interesting to compare the .9% measured in this test with

that which might be estimated from results of thrust-modulation tests in
which both reverser halves are actuated. At 45° (a + Tpoy), reference

11 shows that a force sufficient to produce 0.49 5% acts on each reverser
half, whereas, when only one half is actuated, gbout 40 percent of this
velue is obtained.

Performance of EjJector With Swivelled Primary Nozzle

Basic performance. - Figure 42 shows the baslc performance of this
device as a function of the primary-nozzle swivel engle. The reference
configuration used to compute all performance parameters 1s the un-
shrouded primary nozzle, chosen because its performance ls more nearly
that which could be obtained with a conventlional unactuated configura-
tion than is the performance of the zerco-secondary-flow ejector. The
primery eirflow ratio (fig. 42(a)) is reduced up to 5 percentage points.
32 falls off slmost linearly ss actustion is increased and is poor for

the #g produced. Meximum Fg 1is obtained at 20° actustion; but, as

shown by the extrapolstions, no side force 1s produced for less than’
o« = 6°. This characteristic occurs because the primary nozzle must be

o
actuated 5% at a pressure ratio of 2.0 before the Jet intercepts this

gshroud, and then an additional smount before positive side force is pro-
duced. Use of this configuration would probably be prohibited by this
chargcteristic, which would, however, be minimized or perhaps even elim-
insted by using a longer ejector shroud of smaller diameter ratio.

Comparison with computed performsnce. - Equations (E12) and (E1l4),
derived in appendix E, are analytical expressions pertaining to this de-
vice. By basing the Fg Parameter on Ayt and (@ + Tpgy)s equations

(E12) and (E14) yield

cos T
Zy + sin o= K= D8X _Zy Parameter (18)
cos(a + Tpgx)

Computed and measured performance are compared at & primary-nozzle
pressure ratio of 2.0 in figure 43. In figure 43(a) the higher curve is
a plot of equation (18); from this curve the value of K 18 found to be
0.81. This is less than might be expected on the basis of other data,
probably because of geometry effects. The lower curve in figure 43(a)
shows that the positive .9% produced is sbout one-third the sum

(5% + sin a). Inspection of equation (E12) shows that this fraction
could be improved by increasing the shroud helf-angle T ...

LLI9%



NACA TN 4264 21

As shown in figure 43(b), the measured ¥, agrees satisfactorily
with that computed from equation (El4) and the measured .9%.

Design Procedure

If no precise data are avallable, the &, end Fg performance of

flat-plate mechanical jet deflectors mey be calculated by means of equa-
tions (14) and (15). The factor K 1s found from the design chart in
figure 44. Computation of the %, and Fg in this manner correlates

65 percent of all the datae points for configurations A to I and S to U
presented herein to #0.020, and 86 percent of the same data polnts to
40.035. The larger deviations often occur in deflectors such as config-
uretion J in which a large portion of the side force is developed on sur-
faces other than the flap (see fig. 32(a)) or in deflectors in which the
pressure is not almost ambient on the wall opposite the flap.

The design chart may be used for primary-nozzle pressure ratios from
2.0 to 2.8 and for deflectors in which the B dimension is 90° or greater.
If the B dimension is less than 90°, the reduction in K may be es-

timated from the date of figures 33 and 34. The primary airflow and
pumping ratios masy be estimated on the basis of considerations previously

discussed.

MISCELLANEOUS JET DEFLECTORS

The miscellaneous Jet deflectors sketched in figure 17 were tested
during the course of the program reported herein. In each case the .95

produced was insignificant; so the configuratlions are not discussed in
detail. The direction of positive side force is shown on each sketch.

CONCLUDING REMARKS

Several model jet deflectors, classified into types called swivelled
nozzles, asuxiliery nozzles, and mechanical deflectors, were tested in
quiescent air. Ratios of effective side force to undeflected Jet thrust
(celled é?é) as high as 0.43 were obtained. In general, the ratio of
axial thrust to undeflected jet thrust (called é?;) was reduced to not

less then 0.81l. Analytical expressions relating the performance of each
type deflector with significant design variables were developed.

The performance of swivelled-nozzle deflectors depends on the swivel
angle and on ‘the distance the center of the exhsust-nozzle exit is offset
from the original axis. When the offset distance is negligible, the
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performance of this type is the best obtalnsble for any deflector in which
the vwhole Jjet 1s turmed. For the swivelled convergent nozzle, a signif-
icant configuration of this type, #g and &, can be computed within
A0.02 by enalytical expressions.

The performance of suxillary-nozzle deflectors depends on the thrusts
produced by the suxillary and propulsion nozzles and on the distance and
angle between these nozzles. For any specified Fg, the &, produced

by this type is improved when more of the Jet is turned and when the
auxillary nozzle i1s placed farther behind the propulsion nozzle. For the
tallpipe with a bleed nozzle, s configuration of this type, gr and &%
can be computed withln £0.01 by analyticael expressions.

The performence of mechanlcal deflectors depends principally on the
angle and the immersion of the deflecting flap. A wall opposite the flasp
or a small flap chord angle B can reduce performence, while Jet re-
circulation in the viclnity of the flsp can improve performance. Ab
larger values of é?é, ejector configurations often encounter reduced
primery and secondary airflows, and may require blockage in the secondary
flow passage. For most of the configurations of this type, 35 and 55

can be computed within £0.035 by & semiemplrical design method presented.

The performesnce of several configurations and the types and ranges
of geometries tested are shown in the following table:

Type of Configuration . Actuation | Maximum | S5 at Privavy-
deflector angle, Fs maximum SFg | &irflow ratio
deg at maximun Sy
Swivelled nozzle | Swivelled tallplpe 24.6 0.43 0.915 1.00
Swivelled counvergent nozzle 20,0 .56 .938 1.01
Plug norzle with plug at —— .10 1.00 1.08
tailpipe wall
Auxiliary nozzle| Tailpipe with bleed nozzle —— 0.125 0.850 1 00
Plug nmozzle with auxiliary — .23 1.1 b1.00
Jet from plug -
Mechanlcal de- Swivelled ejector shroud; 15 0.286 0.898 0.993
flector® Dgp/Dy = 1.1; 8/Dy = 0.86;
oylindrical eJector .
Swivelled ejector shroud; 15 .370 . 850 .88

Dgp/Dy = 1.1; 8/Dy = 0.87;
152 conical convergent
ejector

Ejector with internal flap; o 17 _. 21 801 .987
Dgp/Dy = 1.4; S/Dy = 1.06; 3
[ cal convergent ejector;

SoB gl R erEsh i
EJector with exbernu flap; 30 4l .819 1.00
Dgp/Dy = 1.16; 17.5° conioal

convergent ejeogor; one large

flap around 180° of shroud .
Cylindrical thrust reverser, 58 .198 .815 1.00

one-half actuated
Ejector with swivelled primary 20 .189 .827 953

nozzle; Dy, /Dy = 1.1; -

8/Dy = 0.78; 1E° conical con-

vergent ejector

S&hen primary nozzle i1s reduced.
en primary nozzle 18 enlarged.
®Dyp/Dy, Glemeter ratio; S/Dy, spacing retio; B, flap chord angle.

Lewls Flight Propulsion Lsborstory
National Advisory Commlttee for Aeronautics
Cleveland, Ohioc, February 11, 1958

1 1o%
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APPENDIX A
SYMBOLS
A area, sq £t
Ay lateral aresa, sq ft
A, Immersed area, sq ft
-4 latersl area ratio, %%
Cq primary-nozzle discharge coefficient
Cp primary-nozzle thrust coefficient
c distance, £t
D diameter, £t
Dgh ejector shroud exit diameter, ft
F jet thrust, 1b
f offset distance factor, dimensionless (see appendix C)
Fs side-force ratio, Fg y/F, o
% axisl-thrust ratio, F,/F,
acceleration due to gravity, £t/sec®
K experimentally determined factor, dimensionless
1 offset distance, £t
M moment, f£t-1b
P totel pressure, lb/sq £t abs
D static pressure, 1b/sq ft abs
R gas constant, £t/°R
] ejector spacing, ft

T total temperature, °r
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v velocity, ft/sec

W weight-flow rate, lb/bec

a actuation, deg

B flap chord angle, deg

T ratio of specific heats

& ratio of total pressure to NACA standard sea~level pressure of
2116 1b/sq ft abs

2] ratio of total tempersture to NACA standard sea~level tLempera-
ture of 518.7° R

T gas turning angle, deg

Tmax conical ejector shroud helf-angle, deg

® nominael pipe diameter, in.

¥ angle between suxilisry-nozzle axlis and longitudinal axis, deg

Subscripts:

A auxiliary nozzle

8c actual

av everage

e exit

f flap

id idesal

N primary-nozzle exit

o unactuated

res residual

S slde

secondary

“11aw
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l,z’ . o

tailpipe

wall

Cartesian coordlnete perpendiculer to longitudinal exis
Cartesian coordinate perpendicular to nozzle axis (specialized)
Cartesian coordinste parallel to longitudinal exis

amblent

stations or speclalized locations



26

Actuation

Axial thrust

Effective-flow-area
paremeter

Effective side
force

Ejector dismeter
ratio

EJjector spacing
ratio

3% Parameter
5@ Perameter

Tumersed-area ratio

Lateral-ares ratio

Primary-alrflow
ratio

Pumping ratio

NACA TN 4264

APPENDIX B

DEFINITIONS

Displacement of a Jet deflector from the stowed
condition in such a manner as to tend to produce
side force. o 1s angular actuation.

F, 1s that component of the resultant force pro-

duced by an actuated Jjet deflector along the
longlitudinal exis.

B

FS,N is the moment producing rotation divided by

the axial distance from the pivot point to the
center of the primary exhaust nozzle.

Dgn/Dy

Z

s/oyg

Zac

in{a + )
s sin Tmax

Ao sin?(o + Tmax)
< 4 cog(a + Tmax?

Ay /Ay

by = o

LLIY



4677

‘CB-4 back

RACA TN 4264

Residusl sarea

Side force

Undeflected jet
thrust

27

A.og 18 the shroud exit area less the projected

ares of the flap in a plane parallel to the
primary-nozzle exit.

Fs 1is that component of the resultant force pro-
duced by an actuated jet deflector acting per-
pendicular to the longitudinsl axis.

Fz,o is Fz at zero sctuation.
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APPENDIX C

SWIVELLED-NOZZIE JET .DEFLECTORS

ANALYSIS

A swivelled-nozzle deflector mounted in the experimental setup is
shown in the following sketch: .
]

Fz,0

o i

Pivot
point B K;Longitudinal axis

' 7

Summing moments about pivot point B and assuming no Jet losses

M= Fgley - Fz)1 (c1)

The quantity F,l is the counteracting moment. By definition (egs. (3)
and (2)),

M _ FsCN - FZZ _ FSCN - FZCzSiIl o7}

= = ce
cNFz,o cNFz,o ) cNFz,o (ce)

5% =

By geometry, cy = cq + cpcos Q. Let cz/cl = f. Then equation (C2) re-
duces to

gin o
ST T ¥ cos a (c3)

There are no other axial Jjet forces, so that

¥z

Fp=F —=co8 o (c4)

LL9Y
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ANALYTTCAL PERFORMANCE

Figure 45 shows the analyticael performasnce of this type deflector.
The double ordinate scale is drawn becsause 32, by equation (Cé), changes

only as the swlvel angle changes. .9%, however, is dependent both on the

swivel angle and the offset axis factor £. TFor constant swivel angle
5% is significantly reduced as f 18 increased.

When £ 1is zero the performance is the best obtalnsble for eny de-
flector in which the whole Jet is turned. For this case the deflector

. o
produces 0.35 &5 and 0.936 &, when swivelled 20% .

A swivelled-nozzle deflector ueing an ejector shroud and e swivelled
Primary nozzle would be difficult to achieve. To prevent Jjet impingement
the shroud must be of very large diameter ratio or extremely short spacing
ratio. Such g shroud is incompstible with good ejector design. An alter-
native might be found in translating the shroud.
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APFPENDIX D

AUXILTARY-NOZZLE JET DEFLECTORS

ANALYSIS

is shown in the following sketch:

An auxilisry-nozzle Jjet deflector mounted in the experimentel setup

< |
Cx 'I Fp
. Pivot
point B W - ,
N L~ ~ 1
Longltudinal axis N
M ox >
Summing moments sbout pivot point B,
M = c,F,sin ¥ - 1F,cos ¥ (p1)
The quentity ZFApos ¥ 1is the counteracting moment. By definition
(egs. (3), (Z)J and (4)):
Palcpsin ¥ - 1 cos ¥)
‘% - M ___AVA —yr _ (p2)
°¥'z,0 Niz,o
F Fy + Fpcos
P A N + Facos ¥
Fz,o F

Z,0

(D3)
flow equations:

These relations cen be expressed 1in terms of flow varisbles by sub- .
stituting the following expression obtained from one-dimensionsl isentrople

r-1
Y
F-op ¥ via- cp ¥ [2ER o - (B) (p4)

-

~—
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ANALYTICAL PERFORMANCE

The analytical performance of an auxiliary-nozzle deflector assumed
to operate under the followlng conditions is presented in figure 486:

(1) Gas for the guxiliary nozzle is bled from the tailpipe with no
total-pressure loss.

(2) Primary-nozzle area is reduced to keep the engine operating
polnt unchanged.

(3) Auxiliary end primary thrust coefficients sre always equsl.
(4) The ratio CA/CN is unity.

(5) Counteracting moment is negligible.

With these assumptions equations (D2), (D3), and (D4) reduce to
Fp sin ¥ Wp

= sin ¥

ZF =
Fz,0 ¥N,o

S

FN + FA cos ¥ Wy + wp cos ¥
7 = F = o
Z,0 N,o
In figure 46 the lighter lines are lines of constant auxiliary-nozzle sir-
flow ratio WA/WN,O. The heavier lines represent deflectors having fixed

auxilisry-nozzlie discharge angle ¥. By comparison, it can be seen that
the 450 ¥ deflector requires larger WA/WN o to produce the same J?é
J

as the 90° ¥ deflector, but at the same time F; 1s significantly
greater. In general,.ﬂz is improved when more of the teilpipe flow is

turned. When the whole jet is turned (WA/WN,O = 1), the performence is
the same as for a swivelled-nozzle deflector following the cosine law.

It should be emphasized that figure 46 is based on the assumption that
the ratio cA/éN is unity. If this ratio were increased, #g would be

increased in the same proportion, while 3@ would remain unchanged.

The blggest advantage of auxiliasry-nozzle deflectors is the inherent
simplicity and reliebility. The only moving parts necessary are valves
to control the auxillary flow and a conventional varisble-ares primary
nozzle. Gas for the suxiliary nozzle could be obtained from an isoclsted
gsource or from anywhere within the engine, as for example, the compressor.
At least three auxiliary nozzles are needed to provide control forces in
all directions. Principal disadvanteges associated with this type de-
flector are that long large ducting may be necessary and that in certsin
cases, such as those discussed, large suxiliary nozzles and a primary
nozzle capsble of very large ares changes may be required.
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APFENDIX E

MECHANICAL JET DEFLECTORS

ANALYSIS

The following sketch shows the forces involved as flow passes
through s mechanlcal deflector:

Station 1 2

Longitudinal ‘:
axis

Recirculation ;x Py
Station 3 Ap .
Ay :

Recirculation is necessary for flat-plate flaps in order to balance
momentum parallel to the flsp. The following analysls is appliceble to
the case in which the recirculated gas is discharged at station 3. In
most of the deflectors tested, however, this gas returned to the main
stream and left the system at the exit, station 2. Because either situ-
ation involves a momentum loss at the exit, the results of this analysis
are gpplied to all deflectors, and any error is gbsorbed in necessary
experimental coefficients.

! 19%

The following assumptions asre made:

(1) The whole primary Jet expands to ambient pressure Po at sta-
tion 1 before intercepting the flap.

(2) The flap, essentislly two-dimensionsl, is frictionless and is
the only surface affecting the flow.

(3) Counteracting moment is negligible. (Therefore, Fg = FS,N')

(4) Primery-eirflow ratio is always unity.
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(5) Ejector secondary flow is negligible.

(6) For the ejector configurations, the undeflected Jet thrust Fz,o
is the same as the primsry-nozzle Jet thrust FN' (This is & reasonsblé

- assumption for the ranges of geometry and pressure ratios tested.)
[{e]
~
For those configurstions having no momentum in the y-direction at
station 1, the results of writing the momentum equations for a control
volume around the Jjet at stations 1, 2, and 3 in terms of the side and
axial components of the flap normal force are
Fon= [ (ow - moldty (E1)
Ar
Fz = Fz,0 - f (p,; - pplda, (2)
Ap
10 These equations must be solved simultaneously.
2}
Perfect Flap
Fa=F
S S,N
% \l 1),/ a0
_—:?v; /( FZ
Zf J‘ _//( (a + T)
)
l
In the ideal case the whole jet is turned through an angle (o + T) by a
flap curved to prevent recirculation (which would bring sbout a momentum
loss), as shown in the preceding sketch. Although equations (El) and (E2)
are valid, for this case the following is also true:
.gé = F = SiIl(CL + T) (E3)
Iz,0
F, .
. Z, = = = cos(a + T) (B4)

Z,0
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This is the same performence as that obtained for a swivelled-joint de-
flector having no counteracting moment (cosine law). In practice, the
ldeal case is not attained because of losses and geometry restrictions.

Practical Flap

For the mechanical deflectors tested the flap approximstes a flat
plate, and the relatlion between equations (E1) and (E2) is determined by

the geometric relation between the surface elements dA¥ and &
found in the flgp. Thus, as shown in the following sketch, 3
PW o
ot <) 7
~
dA, = dA, tan(o + ) (E5)
Because the wall pressure is the ssme on both elements, equation (ES) i
can be substituted directly into (El) and (B2) to obtain, after dividing
by Fj .o -
2 -

F, = 1 - Fg tan(a + 7) (E8)

This equation is the basic performance relation for flat-plate mechanical
deflectors. It remsins, however, to evaluate the relation in terms of
design varisbles.

Bvaluaetion and Application of Baslic Performance Relation

The side force produced by a flat-plate deflector cannot exceed that
produced by a perfect flsp. Therefore, when the whole Jet is turned
parallel to the wall,

4

This expreseion can be evaluated in terms of design varisbles by asssign-
ing an 1deal constant value, the nozzle total pressure Py to the wall

(p, - po)dAy.s Fz,o sin(a + ) {E7)
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pressure term py. Combingtion of the integrated expression with
=1 1

Po\ T |/Po\¥
o)

(from one~-dimensional isentropic flow relations) yields

=17, 1
Po\ T Po '
M

In review, .salid is the lateral-ares ratio necessary to turn the whole

Jet parallel to the flap if the wall pressure were everywhere equal to
nozzle total pressure. ,glid for a typical unheated-air model is shown

in figure 47.

In practice, the wall pressure will obviously be something less than
PN' However, this difference can be made up by increasing the actual

latersl area Ay, ac’ Therefore, the foregoing principles are applied to
flat-plate deflectors in the following manner:

(l) If the actual lateral-area ratio significantly exceeds the ideal
value (i.e., 1f £  [of,; sigoificantly exceeds unity), %% = sin(a + T).
aci~7id S

(2) £ ﬂacMid ie less thsen unity, }é cen be found by noting that
if p, Were everywhere Py, 5 would be equal to .g{ac[g{id sin(a + T).

To allow for the difference between the assumed and actual wall pressures
an experimentally determined factor K 1s necessary. In this case,
therefore,

Fa = K'Sfig- sin(a + T) (E9)
57 “ofig

(3) In each case £, 1s glven by equation (E6).

Tt was determined that for the three-dimensionsl geometries tested
the mathematically averaged ges turning angle o + T 1is not apprecisbly
different from the geometric angle o + Tmax® Accordingly, any of the
preceding equations in this appendix can be written in terms of o + T, .
with 1ittle exrror.



36 NACA TN 4264

ANATYTTICAL PERFORMANCE

The analyticsl performance of some deflectors meeting the assump-
tions stated at the beginning of the analysis is presented in figure 48.
Sketches (a) and (b) show deflectors having geometry alweys sufficient
to turn the whole jet parallel to the flap. Although ,?é is the same
at any given flap angle for either of these deflectors, as indicated by
the double sbscissa scale, &, for the flat-plate flap is always less

than that for the perfect flap.

L19%

Sketches (c) and (d) show flat-plate deflectors in which the flap
angle is constant and &g 1is varied by the immersion. Although Fg Tor

the 20° flap is limited to sin 20°, & is greater than for the 45° flap.

In general, the best over-all performence 1s theoretically obtained when
the flap angle is Just large enough to produce the required side force.

Sketch (e) shows a deflector consisting of two flat-plate flaps Iin
series, each of which completely turns the Jet through half the total
turning angle. This configuration more nearly spproaches the performance
of the perfect flap than the single flat-plate flaps.

Mechanical Jet deflectors have the advantage of being, in principle, .
easily adapted to supersonic jet exits. Flaps may be portions of the
rear fuselage skin, an ejector shroud, or a thrust-reverser component.
Thus, greet variety in design is possible. However, the flsps must be »
relatively large surfaces capgble of withstanding high pressures.

APPLICATION OF ANALYSIS TO EJECTOR WITH

SWIVELLED- PRIMARY-NOZZLE DEFLECTOR —
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In addition to the assumptions made in the preceding analysis it 1is
assumed that the performance of the swivelled nozzle follows the cosine
law even though the ejector shroud is present. The momentum equation
for the flow through the deflector then reduces to

Fg,N = .4; (oy - po)dAy - Fp,o Sina (E10)

By the geometry, substitution gives

cos Tpgx

Fg,w = o5 (@ F T ‘IA:f (p, - Po)d-%,: - Fyo8ina (B11)

For the configurstion tested,dﬂ;cﬁﬁid is always less than unity. Evelu-
ating (E11l) in the same manner as previously,

max &4;
cos(a + Tmai)sﬂi

cos T o
sin(o + Tygy) - sin o (E1L2)

a

Fo= K

The momentum equation in the z-direction is

Fg = Fy,0 COS O = ‘/' (py = Poldd, (E13)
Ap
By the definition of £,, by geometry, and by substitution from (E11),
#, = cos o - (% + sin a)tan T, (E14)

GEOMETRIC FACTORS

Because of the uncertainty of recirculation, the actual lateral
area Ay gc 1s deflned for use herein. Any difference between the de-
fined ares and the entire pressurized surface is gbsorbed 1n the experi-
mentally determined factor K. As shown in figure 489, Ay,ac is found
graphically from the intersection of the flap and the "cylinder of the
jet." (The diameter of the "cylinder of the Jet" is determined by
assuming that the Jet expands Isentropically to ambient pressure.) This
procedure involves consldersgble layout work, and it was determined from
some layouts that this area 1s reasonably aspproximated by

Ay ge = By go cotla + Tpgy) (E15)

where o 1is the swivel angle, T ., is the flsp conicel half-angle, and

Az,ac is the actusl immersed area, indicated in figure 49.
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Equation (E15) and the mechanically integrated Ay gc Wwere used to
calculate all actual latersl areas reported herein. AN,ac is the physi-
cal flow area of the primary nozzle, and Jﬂid; except in the case of the

ejector with a swivelled primary nozzle, is given in figure 47.

For convenlence, the geometric factors are grouped together in the
ZFs eand %, Parameters, defined as follows:

Lo,

Fg Parameter E&Ti% sin(o + Tpgy) (EL8)
in?(a + <
A g 8in £ﬁ max) (£17)

#; Perameter Edid cos(a + ‘tpay)

For a given geometry, both parameters tend to increase with pressure

ratios ebove critical because Jv;c increases because of Jet expansion

while & 5 decreases (fig. 47). The quantity Jéécﬁaid is arbitrarily
limited to unlity in computing each parameter.
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TABLE I. - SUMMARY OF MODELS TESTED
Configuration Type Detailed | Actuation, | Diameter lspacins Conilcal- Remarks
drawings a, ratlo, ratlo, shroud
and photo- deg Dayp/Dy 8, half-angle,
graphs shown Taax?
in fig. - aeg
8uivelled 1 and 8 0 to 24.8
nozzle
Swivelled tailpipe -
(swivelled engine) R
Swivelled 1l and 6 0 to 20
_1»__ _ noezle
o
Swlvelled convergent
nozzle
] Swivelled 2 and 7 (uly posltion tested’
1: _ ? F norzle
Plug nozzle with plug .
at tailpipe wall L
Auxiliary 1 and 8 Area ratio Ay/Ay
nozzle varied from 0,083
257
Tailpipe with bleed
nozele
w, Mxiliary 2 and 9 Freassure ratio P./pg
zle .
nox! varied from 1.0 to
T.7; eight auxiliary-
0 flow-orifice
configurations
Wa Py g:g%gal . tested
angle
Plug nozzle with auxil~
ifary Jet from plug
Mechanical 3, 4, 0 to 16 [1.1 to 1.4} 0.84 to] © to 16 Ejector secondary-
Tmax 10, and 11 R 1.48 flow passage blocked
4 Dah far some teats;
5 H baffle added in
shroud for one test
(see rig. 11)
Swivelled ejector
shroud
Toex Bechanical 35, 4, 8 %0 87 |1.2 to 1.4] O.84 toj 35 to 1l Flow dams added to
and 12 1.08 soma flaps;
_.__? ._}. . necondm—llow
+= - passage only par-
I e 7 1 tially blocked for
a t . some tests
s = :
{a) single flap
Mechanical 3y 12‘5 0 to 47.5 1.4 1.06 5
(b) Two flaps
Ejector with internal
L Tflep

U ghd

i b tal

IR TN !I

Al
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TABIE I. - CONCLUDED. SUMMARY OF MODELS TESTED
Configuration Type Detailed Aotuation, | Dlameter |Spacing Conlcal- Remarks
' & a, ratio, ratio, shroud
and photo- deg Dn half-angle,
T =
deg
Mechanical 5, 4 0 to 30 1.16 0.82 17.5
and
14(a}
Machanical 3, 4, 30 1.2 0.84 11
and
- 14{0)}
(b) Two flaps
Ejector with external
flap
Machanical 15 0 to 38 1.29 1.17 7
a
Modulating oylindrical
target-type thrust
reverser
Machanical & and 1€ 0 to 20 1.1 0.78 15 Model similates
ejectar with
blocked mecondary-
flow passage
Ejactor with swivelled
primary nozzle
__ —— 2 and 17(a) [ © to 30 B — — -_—
ar
Plug nozrzle with
swivelled plug
————— 5, 4, 1.2 0.84 11
and
17(b)
3
Ejector with partial
bl in dary
flow passage
Dan ————— 3, 4, ———— 1.2 0.84 1 Half of shroud
and opened to equiva-
%L 17(e} lent of 1.5
—- Dyy/Dy Bhroud
Dy I—- .5 Dy
Ejector with partly
opened shroud
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TABLE II. - GEOMETRIC DATA FOR JET DEFLECTORS

’ (e) Ejectors with swivelled shroud.

Primery-nozzle pressure ratlo, 2.0 77
Configuration | Diemeter | Spacing |Conical- | (& + Tpay), Area Ay o /d
ratio, | ratio, shroud deg ratio, (2) ec/id
Dsh/DN S/DN half- (Az/ AN)a.c
angte,
Tmax?
deg
A 1.1 0.86 0. 1.5 0 0 0
5 .043 492 3.93
7.5 .130 .990 5.24
10 . . 170 .966 3.87
12.2 .232 1.071 3.53
15 . .302 1.130 3.06
B 1.1 0.87 15 20 __ 0.047 0.129 0.264
25 .162 .348 .578
30 .283 491 .689
o] 1.1 1.28 15 30 - 0.281 0.487 0.682
D - 1.2 0.84 11 16 0 0 o
21 .100 . 262 515
26 7 .194 .398 .638
E 1.2 1.07 15 30 0.136 0.236 0.331
F 1.2 1.27 11 26 - 0.208 0.427 0.685
G 1.4 1 1.08 3 8 (o] 0 (¢]
13 .038 .165 .512
18 . .15% .490 1l.11
H l.4 1.48 3 18 0.138 0.424 0.961

a Az
e = i cot{a + Tpayl .
ac

L19¥
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TABLE ITI. - Continued. GEOMBETRIC DATA FOR JET DEFLECTORS
(b) Ejectors with internal flsp. Primary-nozzle
pressure ratio, 2.0.
Configuration | Diameter | Spacing | Flap Conical-| (a + Tpoo), Ares K= A -da.c/d 14
ratio, retio, chord shroud deg retio, (2)
Dan/Dy | S/Dg | engle, | helf- (A /80 oo
Bs angle,
deg Tmax?
deg
I 1.2 0.84 90 11 20 0.045 0.124 0.254
.162 445 911
.250 .687 l.41
J 1.2 0.84 90 11 45 0.040 0.040 0.040
.084 .084 .083
.158 .158 157
K 1.4 1.04 90 3 20 0.068 0.188 0.385
153 421 .861
240 .660 | 1.35
L 1.4 1.04 20 3 45 0.040 0.040 0.040
.126 .126 125
.183 .183 181
M 1.4 1.04 60 3 45 0.174 0.174 0.172
45 149 .149 .148
30 .099 .099 .088
i 1.4 1.04 (b) 3 12 0 o] o]
17 .052 .172 411
20.5 104 .278 .559
25.5 .158 .332 541
31 .228 379 .518
40 .329 .392 .428
50.5 445 .366 331
o) 1.4 1.04 (v) 3 12 o} c o}
17 .052 172 411
(c) 20.5 .104 .278 .559
25.5 .158 .3352 541
P 1.2 0.84 54 11 90 0.041 | =ceme | wom==
72 094 | mmmmm ——
88 167 | mmmmm | mmmem
Q l.4 1.04 75 3 90 0.182 | ===== ————
R 1.4 1.04 1i2 3 90 0.06l | ~==m= | comw=
136 A82 | memmm | mem—ea
152 296 | mmmmm | mmeee
a 4,
Hge = (1—) cot(a + Tma.x) .
¥ ac

P B = 90° at upstream end of each flap; B = 41° at downstream end of each £iap.
¢ Values for configurations O are given on the basis of single flap.
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TABIE II. - Concluded. GEOMETRIC DATA FOR JET DEFLECTORS
{c) Ejectors with external flap. Primery-nozzle
pressure ratlo, 2.0.
Configuration | Diameter | Spacing Flap Conical- | (@ + Tyg.), Area Hac oo/ 1a
ratio, ratio, chord shroud deg ratio, (a),(b)
Dan/Dy | 8/Dy angle, | half- (A /A el
Bs angle, (2)
deg max’
deg
8 1.16 0.82 180 o} 10 0.057 0.324 1.29
20 297 .818 1.67
30 .595 1.03 1.45
T 1.2 0.84 20 ] 30 0.062 0.108 0.152
8Parameter computed neglecting presence of ejector shroud.
b A
Ao = (ﬁ) cot{a +Tma.x) .
ac
(d) Moduleting cylindricel target-type thrust
reverser. Primary-nozzle pressure ratio, 2.0
Configuration | Diemeter |Spacing Flap Conical- |[(a + Tmax), Ares oc da.c/ -Sl:Ld.
ratio, |[ratio, chord shroud deg ratio (b)
Dgn/Dy | 8/Dy angle, | half- (AZ/ANjac
(@) | () | B | eusle
' deg Tmax’
deg
U 1.29 . 1.17 130 7 22 o] [o] o]
30 .079 237 .193
45 220 220 .218
&gEffective values.
b Az
Hae =\ 5o cot({a + 1max) .
Nac
(e) Ejector with swivelled primery nozzle.
Primary-nozzle pressure raetio, 2.0
Configuration {Diameter | Spacing |[Conical- (o0 + Tpay)s Ares e Hoo/sdia
ratio, ratioc, |shroud deg .ratio, ('b)
Dgy, /Dy 8/Dy |nalf-angle, (8,/A%) a0
(a) (a) Toaxs
deg
v 1.1 0.78 15 25 0.169 0.364 0.6887
30 328 .568 .905
35 480 .686 953

& Baged on physical dimensions.

<

ac

cot{a + 'cm) .

LL9¥
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Tailpipe EiNbZZle
] Y T 8°
0 T 1 7
— — — 4+ 4
Flow _1 |
| " .
-« 24 >
Mounting
flange

Figure 1. - Basic tailpipe and convergent nozzle. (All
dimensions in inches.)

45



* 27.8
iTa.ilpipe Outer shell
N
“ 1.5 Spherical rad.
Flug
Flug mounting
Flow
5¢ I.D., 4.5
Y
3
Note: Plug
swivels sbout
~ thie center
Mounting
Tlange

Flgure 2. -~ Cutawsy view of basic plug nozzle. (A1l dimensions 1n inches.)
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Secondary flow orifice

e—— 3
Vit 1
—teyt e 1

Falring

7° (Reference
dimension)

Shroud mounting spool

) N Flow in
S gecondary
\ W W W W W . O U, T '\\\\fl\oA.w\\.p\B‘Eg%g\e\\\ W, Y Y Y
Primary flow __7__ ._1__
- o
157 1pg = 4.0
¢ 59
|
‘ —— ‘//
le—— § —
- 22.14
Mounting Primary-
flange nozzle exlt

(a) Cutaway cross section. (ALl dimensions in inches

Figure 3. - Baslc ejector.

)

46TT f

Al jgnment of strute:
four struts equally
spaced, straddling

centerline

<—o.15/—8hroud (see fig. 4)

Dsh

F92¥% NI VOVH
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Y Bt

(b) Model mounted in experimental setup.

Figure 3. - Concluded. Basic ejector.

LL9F
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Diagmeter | A, B,
b ratio, | in. | in.
Dsh/DN
- 1.1 4.4 3.5
© 1.2 4.8 2.6
<
b h
70 150
\ K
Diam. , >
6.06 66
Diam.,
Piam 2
——3.12 ——— 6.06 A
[Diam. ,
4.4
;T Y 4
m
[&]
- " [
b 3.50 E‘ B N
- (a) Dgn/Dy = 1.1; cylindrical. (b) 15° Conical.
11° . 3.07°
[ .
k70
T [
0.66
i Dism.,
am. 4 6.06 Diam.,
6.06 Dlam. ,
e.8 5.60
¥
T _V_.W" :
3.50 —> - 4.30 ->
B (¢) Dgp/Dy = 1.2; 11° conical. (@) Dgp/Dy = 1.4; 3° conical.

Figure 4. - Detalled geometry of shrouds used with baslc ejector. (A1l dimen-

sions in inches.)
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Basic tallpipe and
convergent nozzle

(fig. 1)
B T
e
’/
- r ’ ’
A
T - \ =
5@ - _ —
I =
— -
L e e e e A L Basic tailpipe
J mounting flange
Rig
mounting
flange
A B, )
in.
50 20t | 8.82
10° 15' | 8.77
14° 30' | 8.89
19° 55' | 8.57
24° 50' | 8.50

Figure 5. - Elbows
configurations.

used in swivelled-tallpipe

4264
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Basic tailpipe
(see fig. 1)

Z
/L///jgl

O=Ring seal

L LLL

’/
/

(/L

Body recessed for
conical polnt set
screvw

(a) Cross section. (All dimensions in inches.)

Figure 6. - Swivelled convergent nozzle.

51
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L19y

(b) Photograph of model. . L

Figure 6. - Concluded. Swivelled convergent nozzle.
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Tailpipe and outer shell
Prom basle plug nozzle

(see fig. 2)
Minimum raedius
Flow o
—_— 22
? Plug from basic
plug nozzle
(see fig. 2)

(a) Cross section.

Figure 7. - Plug nozzle with plug at tailpipe wall.
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(b) Photograph of model.

Figure 7. - Concluded. Plug nozzle with plug at tailpipe wall.
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Auxiliery nozzle

55

Dy
Auxili -nozzle data
10.2 oy
Dismeter,| Area, [ Area ratio,
Das A, Ap/og
1s° | in. 8q in.
t— l.22 1.17 0.093
! T
/ 4 1.68 2.22 0.176
= ¢ ’ 2.03 5.23 0.257
2 A /
¢ 1
M 9
a
'
) j 6.0
q A
] | 1
é A
: E
[ ’ Y
t e % —m A.nnuls:-d:hamber Basic convergent
a 1.7 smgipe ng nozzle (see fig. 1)
777777777777 777777772277 27 F 2777 V777 Z //
1 Eight 17 holes equally
spaced around tailpipe
Sp Flow (straddling centerline)
/[77///////////L/////M///// . | 7 /
o
1
Tailpipe $ !
%
17.3
Mounting
flange

(a) Cross section. (All dimensions in inches.}

Figure 8. - Tellplipe with bleed nozzle.
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(b) Photograph of model.

Figure 8. - Concluded.

Tallpipe with bleed nozzle.
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Plug with same
external shape as
plug from baplic plug
noxzle (aee fig. 2)

—-| 0.62"

Interchengaable
conleal partion
contalning auxiliary
Jet orifice

Mounting
flange Tallpipe apd outsr shell
from basic plug nozzle
(see rig. 2)
0.08"
o wn, *\m \\\\\\\
- ‘
Flow t 1.62"
——— iy — - - B = =
\ X o et —
N
A A
7 VoL TSI I IS TLTILS TSI L ITL TS S VIS ! AL T TS S ST SIS ST LT SIS
1
Diex. v l Y E
B
B — 8 1
A— [ D-d% ////;7;
AMr to suxiliary Jet
cone| A, | B, | €, |lcone| D, | B, ||Cone| F, | @,
in, 'in. |1in. in, |in. in. |in.
1 lo.50]1.70]l0.26|| & 1(0.55|0.50|| 5 |0.53010.06
2 lo.30|1,70l0.50|| &« |o.so|1.0 || & [0.50|0.12 Section A-A
. 7 ]1.0 10.12
Dimepsions A through G are g 1.0 lo.e5
measured on slant of cons. ' :

Conea 6 through 8 slotted over

90° of circumference.

{a) Croms section.

Flgure 0. - Plug noezle with mwdliary jet from plug.
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(b) Photograph of model.

Figure 9. - Concluded.

NACA TN 4284

(Nozzle outer shell removed for clarity.)

Plug nozzle with auxillery Jet from plug.
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Two pleces which move relative
to each other to seit shroud at
eny swivel angle up to 15°

Alining strut

Set screw

Basic ejector primary nozzle (see fig. 3)

Feiring
2\ |
AR S N
\\\\\\\\‘:"7/):)\\\\;‘;‘,”"[”1’1“--_ e

277777777777 77777777 77 2277277 s
T

Shroud (see Pig. 4)

1 |
(2) Adjustsble shroud mounting spool (shown in meximum-swivel-angle position). Effective

pivot point maintains approximetely constant position for all swivel angles.

y s AR RS w -

(b) 15° Fixed extension for shroud mounting spool.

Figure 10. - Varisble aft geometry used with basic ejector to form swlvelled-ejector-
shroud Jjet deflectors.
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fle was altered by
packing entlire circun-
ference with modelllingé
clay 1o outliine ghown
by gotted line

ed 1O Bwivelled

- Baffle add
ud (configuration 7).

e 11.
e jector shro
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EJector shroud
(see fig. 4)

Flap
(conical

section);7

Configuration | Used with ejector o, C, B,
shroud shown in | deg in. |deg
fig. -

I 4(e) 9 |0.61 | 90
I 4{c) 9 |1.06 | 90
I 4(c) 911.38 | S0
J 4(e) 34 |0.65 | 90
J a(c) 34 10.79 | 90
J a{c) 34 11.04 | 90
K 4(4) 17 |1.10 | 90
K 4(d) 17 |1.41 | 90
K 4(4d) 17 |1.72 | 90
L a(4d) 42 1 1.04 | 90
L 4(d) 42 11.35 | 90
L 4(d) 42 | 1.62 | 90
M 4(4) 42 | 1.62 | 60
M 4(4a) 42 | 1.82 | 45
M 4(4) 42 1 1.62 | 30

(a) Flaps not normal to longitudinal axis.

Figure 12. - Ejectors with internal fixed flap.

61



62 FNACA TN 4264

-

Primary-nozzle exit

<§iijp //,/—"" /;7
F1f /
|

AN
N

LL9¥

\

N\

S~

te— O —> - (1 —-»‘
Flap type 1 Flap type 2
Configuration | Used with eJjector | Flap c, B,
shroud shown in | type | in. deg
flg. -

P 4(c) 2 0.73 | 54

P 4(c) 2 0.98 | 72

P 4(ec) 2 1.28 | 88

Q 4(d) 2 1.75 | 75

R 4(a) 1 l.24 {112

R 4(a) 1 1.75 | 136

R 4(d) 1 2.13 |152

(b) Flaps normsl to longitudinal axis at shroud exit.

Figure 12. - Continued. EJectors with internal fixed flap.
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Flow dam

Flap

=
?_

This distance varied
between O and 0.38
in. with no effect

(c) Flow dems added to some configurstions.

Figure 12. - Conbtinued. ZEJectors with internal fixed flap.
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Jc-43488

() 45° Flap, with flow dams on either edge of Flap.

Figure 12. - Continued. EJectors with internsl fixed flap.
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4677

1 CB=- 9__

(e) Flep normal to longitudinal axis at shroud exit.

Figure 12. - Continued. ZEJectors wlth internal fixed flap.
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Unblocked
quadrant

Three bloéked

(f) Blockage in secondary flow passage as used with some

configurations.

Figure 12. - Concluded.

Ejectors with internel fixed flap.

LS
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L

&=
© Dgp/Dy = 1.4,
3° conical
ejector shroud
(see fig. 4((1))——\
T - -_“7
Ad
g
(a2
1
(2]
[&]

Edges og flaps meet at
Q= 22%

Flap (portion of 3° cone,
designed to lay flat
egainst shroud of a = 0°)

View A-A

(a) Schematic drawing of shroud and flaps. Either flap mey be actuated independently.
Actusting and locking mechenism not shown. (All dimensions in inches.)

Figure 13. - Ejector with internal pivoted flap.
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LL9¥

(b) Photograph of model. Both flaps actuated.

Figure 13. - Concluded. EJector with internal pivoted flap.



|
Pivot ‘l
2 46

§ |
0.66 -/ /s ? = 50°
7 1) ™
0}91 ( _\

(a) One large flap (configuration 5). Lockling mechaniem not shown. (All dimemnsions in inches.)

Flgure 14. - Ejectors with externsl flep.

¥927 ML VOVH

89
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(b) Photograph of model (configuration S).

Figure 14. - Continued.

EBjectors with external flap.

LLgy



Dsh/Dy = 1.2,
11° conical shroud
(see fig. 4(c))

4677 -; ,-”“

7927 ML VOVN

Faired wilith
modelling clsey

(¢) Two smmll flaps (configuration T).

(A1l dimensions in inches.)

Flgure 14, - Concluded. RjJectors with extermal flap.

.
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Mounting
flange

ic.0

position.

(b) side view of reverser with one helf
actuated.

L ~—Pivot point

(c) Top view of reverser with one half actuated. Reveilser -
hslves are made of 8" standard pipe.™ .

Pigure 15. - Modulating cylindrical target-type thrust reverser. Reverser in stowed
position forms ejector. (A1l dimensions in inches.)
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Wi

a
C-4013

(8) Model mounted in experimental setup. One balf actuated.

Figure 15. - Concluded. Modulsting cylindrical target-type thrust reverser. Reverger In
gtowed position forms ejector. (All dimensions in inches.)
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24.0

32.1

Swivelled convergent
zzle (see fig. 6)

150

Y

&a L: 5.2
—— - — — —-\\\T;E;\\\\
y .
/ A
Y
7 4
Mounting
flange

Figure 16. - Cross section of ejector with swivelled primary nozzle. (A1) dimensions in ioches.)
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(a) Plug nozzle with swivelled

plug.
Blockage
TY e
I R
(IR
- ?ﬁ.
Y

r======================’ +-EFS,N

(b) Ejector with partial blockage in secondary flow passage.

+FS,N
(¢) EjJector with partly opened shroud.

Figure 17. - Miscellaneous Jet deflectors.

TS
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\\/ 2
.

o_—

Alr weasuwring arifioce

/-lbdal woumting £lange

\
14:1
Thrust
call Coumter-
waight

45"
55.4"
A
I
i E———— - — ——
Pivat point B Hodel
(ese dstail)

~ Jorce cslls (three)

3’16:1:1‘01'07

-

Al

Fipure 18. ~ Test rig used in oxperimemtal porticm of jet-deflechar investigation.

Pitch Taw |

Seotion A-A

[E55Y
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1 1 17 1 © 1T 17 1t 11T 11
Nozzle— Fg
Elbow Fy
Offset T
r d.isflance
- " _
B /[__»/ PN —_
Mounting flenge
.5 (See figs. 1 and 5) _
—— =
3 8/
S Nozzle P
B A —
4 pressure 1
u ratio, ~
@ o P /
N N/ PO
& Pid
O w0 3 G 1.4
PR (m] 2.0 /‘/FS/F s
g-l; & 2.8 o) u z,0 = Bln
2B P
g® 2 &
N /1
H 7
2 7
3 1 L
B : A
F 7
7
7
0
1.00 —
-1 R
85 ~
5 "~
~
¥ .98 ‘Y’FZ/FZ,O = cos o
P o
- s N ~
EER <
i 92 D PN
qé' 3 «Je “\E
0%
=g N
"Ei’ E=] \
= N\
.88
(Y 4 8 12 16 20 24 28

Swivel angle, o, deg

Figure 19. - Performance of swivelled-tailpipe (swivelled-engine)

jet deflector having no counteracting moment.
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Airflow
ratio

Side-force ratio, Fy

ratlo, &,

Axial-thrust

NACA TN 4264

[ |
- —
u (Bee £ig. 6) ]
1.02 ;
_— - s ——— ———
“(‘)-F—"
—
.98
(a) Afrflow ratio.
.4
I J,
—— Nozzle
Pressure //
B h— ratio, b
Py/Pg /
— o 2.0 FH= sina
o 2.4 v
-0 2 v
ae
/v
.1
J
v
0
(b) Side-force ratio.
1.00 %Ps\\
tg:&\
ek PR
.96 R
~
~3
.92
0 4 8 12 16 20

(c) Axiel-thrust ratio.

Swivel angle, a, deg

Figure 20. - Performance of swivelled convergent
nozzle.
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(See Pig. 7)
1.10
&g _ o]
+ L \
E A ﬁ ] 3/ 10}
1.00
(2) Airfiow ratio.
12
Q
[S3 s
£ q )
%3 p=—— —
< B o
&8
.08 -
(b) Side-force ratio.
1.06
i L1 I
4% computed from A
3 coslne law and /'/ N
s messured S5 eand /’ \
M airflow ratio— | \
i 1.0z = g
é O
— L >
: ——
= 98
1.0 1.4 1.8 2.2 2.8 3.0

Nozzle pressure ratio, Py/p,

(c) Axiel-thrust ratio.

Figure 21. - Performance of plug nozzle with plug at tailpipe wall.
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Axial-thrust ratio,#,

Side~force ratio, ":8'

corrected to make

ressure
Po

ratio, P

Auxiliary-nozzle

c/ou,

unity

NACA TN 4264

04 .16
Auxiliary-nozzle alrflow ratio, "A/WT

(¢) Auxiliary nozzle pressure ratlo.

Figure 22. ~ Performence of tallpipe with bleed nozzle.

] Tailpipe |
pressure
L ratio,
Py/Po
3 © 2.0 —]
Py g 2.4
. O 2.8
B —_—
Measured
Station T N —-—Computed, no logses
3 — ——Computed, using —_—
Wy + Wy = ¥Wp = Wy, measured data
i (see frig. 8)
1.0
Q\ _ _
\\
.9 :
j\x
Fom1-2 —I>\F
.8 z W
.7
{a) Axial-thrust ratio.
2 |
#F, for By =By 4~ |-
/’/
1 B — - ’d:‘
M P
gt = |
Pl -
(O'
’/
0
(b} Side-force ratio.
2.6 ' : o~
Doy - P
- [ ¥/Po = Pr/Po
) —
E'ZEH n
——p——
——l_ =~ _]
'\1
1 .BJ — T
r— T -
-t = T
\\r‘ ——
\o
1.4 _ _
(o] . .08 .12 .20 .24

L19v
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NACA TN 42564
I I 1 { T - Cone
Fs,uw - ° 3
- o g 3
2:;:5:__-;~ ~—F, v 2
) - z !
7 8
(See rig. 8) 1 geasuieg
——— Compute
3 o 0 P
H \ QEP~\,F-~7351 2
2 % o
g .9 L 1 \\
3 )?\ \T§
]
R
W L.z
o‘ 4
i "¢ %
£ 10 A2 /"/k‘y 7
:Ea at A oL /,/E
3 . Pl i
1.0 |52
Poess
st
3
£
o .9
.3
/
w5 / In
S s .74
g fa /
: / K )
: 84 o d
7 -1 o A5 ’ A(éf
L] 4 !
g er/" =5/ 7
- y; &
% dp)n A?)E}?f >
qg.n vv >3 W
(]
-1k -+ > ) .1 .2

.3 o] .1 .2
Auxiliary a2irflow ratio, wﬂ/kn

{c} Primary-nozzle
pressure ratio, 2.8.

(b) Primary-nozzle
pressure ratlo, 2.4.

(2) Primary-nozzle pressure
ratio, 2.0.

Pigure 23. - Performence of plug nozzle with auxiliary jet from plug.
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Axlal-thrust retio, &

Side-force ratio, 3

NACA TN 4284

80lid symbols indicate
T Dblocked secondsry -
flow passage

1. “g1n?
O\("é“l"r:“@ ~Q ?D\\
(\\\ B\.L q a -
.\\\ .“\\. .\\~
~ ™~ "~
R -9
[
o - .oz .08 .12 0 .04 .08 .12 o .04 .08 .12
& Parsueter, sin®g/cos «
I /7 ’ :/ P/
Ve e/
.2 o oA
o’ e}
/ 7 ol”
7
il z 9 d
PO =sina /6 P
/ 4 T;/
[o] el .2 3 0 .1 2 .3 o] 1 2 3

.9‘8 Paremeter, sin o«

{a) Primary-nozzls pressure (b) Primery-oozzle préssure
ratio, 2.0, ratlo, 2.4.

(e) Primery-nozzle pressure
ratio, 2.8.

Figure 24. - Perfarmence of swivelled-ejector-shroud jJet deflector (configuration A), EBjlector:
diameter ratioc, Dgn/DN, 1.1; specing ratio, 8/Dy, 0.86; cylindrical shroud. For all desta in

this figure of,./f1a > 3.0.
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Side-foroe ratio, g

Axial-thruat retio, &,

{CB~11 back 4877

I Oém- D:Il.ml- 'EpnnJ- Gm'l;l.ul'- Refla:--
fig- eter iIng shroud enoe
ure- ratio, ratio, half- sonfig-
tion Dgy/Dy /Dy angle, wration

Tmax, i
dog

8 B 1.} 0.87 15 B o

c 1.l l.28 13 B

A D 1.2 « B4 11 D

o A O
' 4 . .
T 4 o a & 1.4 1.06 3 &
j.i X - P H 1.4 1.8 5 @ .
q ~ )
Solid symbole indicabe blockad
9 }\" fi N | L peocudary Flow pasaage -
N ¥~ v N
» ~,
&\— a8 -
N A ~
1 - {
%
8y K 2 0 1 e 30 1 .2 3
1 a 4 %
#, Pevametor, Zo0 2207(2 + tnax)
#1a coa(a + <. )
4 7 P
i / I/
1 v
A
«3 8
A /’* /
l ya
7 i 9-
2 ,‘ / i
. y 7
v/ )/ /
4 /
,flc - 0,03 #‘-I = 0.85 ’q-a
A #
/‘q A "\xl -0.74 (Bus rigs. 3, 4, and 10}
L o s
y / .
] .2 ok 0 .2 .4 .B 0 -] A N:a

{a) Primery-nossle pres- (b} Primary-noxzle pressurs

sure ratio, 2.0, ratio, 2.4.

F  Parameter, 5:'-% el (@ + eyl

(c} Primary-nozale pressure ratio, 2.8.

Figura 25, « Parformanse of swivellad-ejsotor-shroud jst deflastors.
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b4

. o
i I I 1.2 g
O Wall pres- Nozzle @
sure on @
L vall B pressure _| olE
O Wall pres- ratio, Hlg
sure on PO/PN alo =
wall A p—al —7 5 blE X
\\D . pag) o
18
. =| 0
o |/ &
Blockage in T N
secondary .4 hz

flow passage

Primery-
nozzle
aXisN\
@ Shroud
A T axis

Figure 26. - Wall pressure dlstribution on shroud in plane through axis.
Swivelled-ejector-shroud Jet deflector; swivel angle, a, 15°; primary-
nozzle pressure ratio, 2.0; ejector: dlameter ratio, Dsh/DN’ 1.1;

spacing ratio, S/Dy, 1.28; 15° conical shroud.
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T T T T T T { 1
Con- Diem- Spac- Conieal- Refer-
Tig- eter ing shroud ence
wra- ratio, ratio, half- coufig-
tion Dgy,/Dy S/Dy =angle,  wration
Tmaxs _
deg
o} A 1.1 0.886 0 A
O B 1.1 .87 15 B 1
& c 1.1 1,28 15 B
A D 1.2 .84 11 D
\v4 E 1.2 1.07 15 D ]
>4 F 1.2 1.27 11 D
< G 1.4 1.08 3 G
v " 1.4 1.48 3 G ]
So0lid symbols ilndlcate blocked secondery ™|
flow passeage
Performance computed from measured SFg
and & =1 - tan(a + Tpay)
for O° < o < 15° . —
— = — Configuration A
—— e —— Configuration B
i f
AFZ Dgh
1‘0< - ‘O-- 7
W AT T~ - (See figs. 3, 4, and 10)
> \ﬂ“\ Q ol~
-.9l q \\ \,
: 2 T
\I
+ 9
. v
i .
# [ 13
—~ ~N
: e
3

.8

0 .1l 2 . 4

Side-force ratio, &g

Figure 27, - Variation in exlsl-thrust ratio with side-force ratio for
swivelled-ejector-shroud jet deflectors. Primary-nozzle pressure ratio,
2.0,
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Side-foree ratio, Fg

NACA TN 4264

Ejector dismeter retioc, Dgn/Dy,
1.1; ejJector spacing ratlo, S/DN,
| 0.86; cylindrical shroud

Configuration A

Configuration B
Ejector diameter ratio, Dgp/Dy,

1.1; ejector spacing retio,
/Dy, 0.87; 15° conicel shroud

(Bee figs. 3, 4, end 10}
4
3 //
yd
//L/ ~
-2 / Configuration ]
(o] A
O B —
Y Solid symbols in- .
.1 / dicate blocked
secondsry flow
/] passages .
c 4 8 12 16 '

0

Swivel angle, o, deg

Figure 28, - Variation in side~force ratio with swivel angle for two swivelled-

ejector-shroud Jet deflectors.

Primary-nozzle pressure ratlo, 2.0.
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Primery-eirflow ratio

ool b1

Con- Diam- Spac- Conlcal- Refer-

fig- eter Ing shroud ence —
ura- ratlo, ratio, half- config-
tion Dgyu/Dy S/Dy =engle, uration
Tmax? ]
deg
o A 1.1 0.86 0 A —
g B 1.1 «87 15 B
<& c 1.1 1.28 15 B
A D 1.2 .84 11 D —
v E 1.2 1.07 15 D
> F 1l.2 1.27 11 D
g G l.4 1.08 3 G —
74 E 1.4 1l.48 3 G

Solid symbols indicate blocked secondsry. |
flow lpassa.ge
1

100%—-;-\*%; o (See figs. 3, 4, and 10)
|
57

(2) Primsry-nozzle pressure ratio, 2.0.
1.008—5
=] | % > e

.96

(b) Primery-nozzle pressure ratio, 2.4.

Lo TR E T A T e

2

-

0 .1 .2 3 .4

A
Actuel immersed area ratio, (ﬁ)
ac

(¢) Primary-nozzle pressure ratio, 2.8.

Figure 29. ~ Varistion in primary-sirflow ratio with immersed area for
swivelled-ejector-shroud jet deflectors.
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u Configuration Diam- BHpac~ Conieal- Refer-
! Pg,1 etar ing shrond ence
B T ratio, ratio, balf- config-
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- w7
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Figuwe 30. - Pugpiug characteristios of swivelled-ejegtor-shrood Jot daflectors. Urbested primsry ajrflow; subilect air sec-
oudery flov; secopdery pressure ratio, P,/po, =bout 0,988,
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] I | I i I 1 | | ] { [ [ |
F Con- Diam- B8pac- Tmex, (@ + T )
— 8,§ rig- eter ing d.eg’ d.em "
Tmax ure- retio, ratio, g
ﬁ Br tion Dah./DH S/Dn
B <> N N s | Dsh 7
F, <~ —F - - -
<, _1_ oI 1.2 0.84 11 20
n _________fzf\ % o\ OJ 1.2 .8 11 s
=50 $ K l.4 1.06 3 20
Flep B AL 1.4 1.06 3 45
— (See figs. 3, 4, and 12) Solid symbols indicate blocked )
secondary flow pessage

Axial-thrust ratlo, =

Silde-force ratio, .7'3

{a + 'mx) is true angle between flap and longi-

tudinsl axls
fl ] ] ] i
B =1 - ten 20° f
” t?f . #; =1 -F ten 45°
computed from meas-
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o ! o 7 .
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I and K
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o] 1 2 0 :; . 2( - ) ] .1 .2
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#7 Peremeter, - -
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.2 i <
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/d Limit of Sz persm- / for confimira- g /6
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o
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(2) Primary-nozzle pressure
retio, 2.0.

Fizire 31. - Performance of eJector with internsl-flap jJet deflectors.

K4
- ac
) Paraneter,jﬁ sin(a + Tpay)

{b) Primary-nozzle pressure

retio, 2.4,

(c) Primary-nozzle pressure
ratio, 2.8.

Fixed 20° end 45% fleps.
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Figure 32. - Wall pressure distribution on flep and shroud in plane through longitudinal axis. Primary-nozzle
pressure ratio, 2.0; ejector: diameter ratio, Dsh/DHJ 1.4; spacing ratio, S/DH, 1.06; 3° conical shroud.
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Figure 33. - Effect of reducing flap chord in configurations M, Primery-
nozzle pressure ratio, 2.0; ejector: diemeter ratio, Dsh/DN: 1.4;
spacing retio, S/Dy, 1.0€.
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Ejector:
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P e ( :
F3 Parameter, fia sinf{a + Tpay)

{b) Primary-nozzle pressure
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(¢} Primary-nozrle pressure
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Pigure 34. - Performance of ejector having pivoted intermal fleps with one flap actuated {configuration N).
n/Dns, 1.4; epacing ratio, S/Dy, 1.06.
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Figure 35. - Performance of ejector having pivoted internal fleps with two £laps actuated
(configurations 0). Blector: dlemeter ratio, Dg/Dy, 1.4; spacing ratio, 9/Dy, 1.06.
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Flep

~
~ (See rfigs. 3, 4, and 12)
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95

.8
() Ejector: dismeter ratlo, Dgpn/DR, 1.2; specing ratlo, S/Dy, 0.84;
conical-shroud half-angle, 11°.
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8ide-force ratlo, &g

(b) Ejector: dismeter ratlo, Dgn/DN, 1.4; spacing ratio, S/Dy, 1.06;
conical-shroud half-angle, 3°.

Figure 37. - Variation in axial-thrust ratio with side-force ratio for
ejector with inbernal-flap jet deflectors. Fixed fleps; f£lap chord

angle, B, 90°; primary-nozzle pressure retlo, 2.0.
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Figure 38. - Varlation in primary alrflow ratio with residuasl area ratio.
EJjector with Internel-flap Jet deflectors. Areg > 1.15 Ay.
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Maure 39. - Pumping cheracteristics for sjector with internal-flap jet deflectora. Unheated primery airflow,
agbient-air secondary flov. Secondary prassure ratio, PB/PO" about 0.285. 3
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Figura 40, - Performance of sjector with external-flap jat deflestors.
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Figure 41. - Jet deflector performance of cylindrical target-type
thrust reverser {configuration U).



NACA TN 4264

100
] T ¥ I 1 ¥ 1
Fs,N
B (o)
15 Nozzle
< YN e pressure ]
-, - JE _— = T ratio,
Py/Po
- —— -
Strong backflow 8 2;2
indicated by oy 2.8
- total-pressure — Exct 1abi -
—— — n
5 probe here Xtrapolatlo
B ol.05 | (See fig. 16)
@
i D
g’ﬂ - ==L.;:r-::':;:t:;:-
ol
k :Qkﬁ
.95 \5“‘“,
(a) Primsry-airflow ratio.
1.0 .iSE
o N
o QE:::~\
ot
e NI~
g ~ =
» .9
g
G \~
o \
ot
2
.8
(b) axial-thrust ratio.
.2
n :::::f
h: e
3 Vi
+ ,,/”‘r”"
2
g .1 ]
&
S e,
' A 74
4 “7
@ ay &4
A /Y
(o} 5 10 15 . 20

Primary-nozzle swivel angle, a, deg.

(e) Side-force ratio.

Figure 42. - Performance of ejector with swivelled-primary-nozzle Jet deflec-

tor. Zero secondary flow; ejector:
ratio, 8/Dy, 0.78.

diameter ratio, Dgp/Dy, 1.1; spacing
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Figure 43. - Comparison of computed and meas-
ured performaence for ejector with swivelled
primery nozzle. Zero secondary flow; primary-
nozzle pressure ratio, 2.0.
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Figure 44. - Design chert for mechanical jet deflectors for primary-nozgle pressure
retios of 2.0 to 2.8 end flap chord angle B =& 90°,
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Figure 45. - Analytical performance of swivelled-
nozzlé-type "jet deflectors.
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Figure 46. - Analytical performance of suxiliary-nozzle Jet deflector.
Wp b WN = Wy, of DO turning losses; primsry-exhsust-nozzle area re-

duced to maintaeln unmctuated tailpipe pressure.
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Figure 47. - Ideal lateral area ratio reguired to turn whole Jet with me-

chanicel deflector.
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Figure 48, -~ Analyticel performance of mechanical Jet deflectors.
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Figure 49. - Immersed area and lateral area for ejector with
shroud swivelled 15°. Primary-nozzle pressure ratlo, 2.0.

NACA - Langley Field, Va.



